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Abstract 
Residue of city garbage disposal such as fly ash contains lots of harmful substances such as heavy metals, which need to be 
treated before landfill or recycling utilization.  The modification effect of supercritical accelerated carbonation process on cement 
solidification body (CSB), make up for the deficiency of large porosity.  To study the effect of supercritical carbonation on 
leaching behavior of heavy metal ions in the CSB, the numerical simulations were performed on the leaching rate and leaching 
distribution pattern of Cu ion.  The results showed that supercritical carbonation reduced the leaching rate of Cu ion in the CSB, 
which was more obvious when leaching time was shorter than 14 days.  The start time was brought forward on stable cumulative 
leaching concentration of Cu ions, due to the Carbonization process.  Furthermore, it was found that the distribution of leaching 
rate on the CSB section was alternative positive and negative.  The supercritical carbonation increased the scope of the outermost 
positive region layer, and changed the plane distribution of the Cu leaching rate in the CSB, which made contribution to the 
inhibition of heavy metal ion leaching.   
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1. Introduction 
The garbage incineration technology gets more and more application due to its harmless, reduction and recycling.  
However, lots of fly ash was produced through waste incineration, which may be harmful to the environment and 
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society.  The fly ash is hazardous waste for containing higher heavy metals and dioxins.  Usually, harmless process 
is ahead before landfill disposal, for example by cement solidification processing into the CSB.  However, the fixed 
effect of ordinary the CSB is not ideal due to the larger porosity.   
To improve the solidification performance of fly ash in CSB, the accelerated carbonation technology adopted 
to modify of the solidified body.  The solidified effect could be largely improved due to the change of chemical state 
of hydration after carbonization [1].  It is good for curing performance of the CSB using carbon dioxide, with the 
strength improved at 28 days age, the porosity decrease and leaching rate of harmful substances reduced [2].  Until 
now, many researches had done on the accelerated carbonization affected certain metal leaching rate in the CSB [3].  
It is different for different metal ions on the solidification in the CSB, according to the leaching property of PbǃCdǃ
As and Cr [4].  The supercritical carbonization technology was also applied on solidification of radioactive waste in 
the CSB, the results showed that pore structure was changed, free liquid content was decreased, and radionuclide 
leaching resistance was improved [5,6].  Related studies showed that accelerated carbonation treatment could 
effectively improve the solidification effect of heavy metal in the CSB.   
On the numerical analysis for accelerate carbonization and leaching behavior on the CSB contains heavy 
metals, there were many beneficial exploration had been performed.  A simulation of leaching behavior of Pb, Cd, 
As and Cr in cement waste had established based on the chemical dynamics and thermodynamic equilibrium 
function of cement –based material [7].  The simulation had finished the study on the diffusion of Ca, Mg, AL, Pb 
ions in the CSB considering without, part or complete carbonization [8].   
The simulation on cement hydration process was studied using geochemical software GEMS - PSI, and 
analyzed the temperature influence on the hydration product and porosity [9].  It could provide a reference for 
establishing hydration model, to simulate the early hydration reaction considering the carbonization.  The long time 
diffusion performance of heavy metal ions were also simulated, combined phase equilibrium, surface adsorption and 
multicomponent diffusion module, considering the migration and exchange of ion in concrete [10].   
Related researches show that after supercritical carbonization, the porosity structure of CSB changes, free 
liquid content decreases, stabilization of heavy metals improves. As one treatment technology, the accelerate 
carbonization technology had caused the attention by many scholars, but still not enough [11-13].  It needs to 
further-study the accelerated carbonation influence on leaching action and mechanism of heavy metal ions.  There is 
also little study on the distribution of leaching rate.  This article will focus on the leaching rate of Cu ion in the CSB 
with and without carbonization.   
2. Simulation Model 
2.1. Numerical model information  
In order to study solidification technology and modification performance of the CSB, Our group established 
carbonization numerical model using software COMSOL, based on cement-base material under carbonization.  The 
model contains chemical reaction rate equation, mass conservation equation, momentum conservation equation and 
energy conservation equation, mass transfer of gas liquid two phase and heat transfer [14].   
The leaching function of model will use a diffusion analysis model, finished by Wang [15], considering the 
carbonization and leaching behavior.  This model considers function of ion diffusion, adsorption, bond coefficient 
and thermal diffusion.  Langmuir equation was adopted as isothermal adsorption nonlinear simulation of ion.  The 
ion coefficient was used to simulate solidification by ion chemical reaction, which caused the reduction of ion 
concentration in the original body.  As internal ion migration mainly through diffusion behavior, this model uses the 
nonequilibrium heat and mass transfer mode.  The effective diffusion coefficient was adopted in this model to reflect 
the diffusion behavior of ion migration.   
2.2. Model verification  
According to the test conditions on materials and reaction, adjusted related parameters, other model parameters 
was the same as the original model [14].  The leaching rate of Cu ion in the CSB with and without carbonization, 
then compared with the test using leachate at 25 ć, as shown in figure 1.   
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The average absolute deviation is 0.181 between results of experiment test and numerical model simulation, 
which is acceptable, according to the figure 1.  Therefore, this model can simulate well on the carbonization and ion 
leaching behavior of the CSB. 
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Fig. 1 Comparison of Cu ion leaching rate with carbonization   
3. Leaching Performance Changes 
In order to analyze the related factors influence on leaching rate, the leachate temperature and carbonation depth 
selected to study the leaching behavior of Cu in the CSB. 
3.1. Effects of Temperature and carbonization depth  
The temperature ranged 10 ć to 90 ć, temperature interval 20 ć, to simulate the actual environmental 
temperature in landfill and utilization.  The model parameter selection is same with the one above, besides the initial 
leachate temperature.  The simulation results of the leaching rate of Cu ion got at different temperature, as shown in 
figure 2.  It was showed in figure 2 (a), that the leachate temperature had great influence on leaching rate of metal 
ions in the CSB, especially when the leaching time is less than 14 days.  While, it is quite leveling off when leaching 
time is more than 14 days, but there are still differences, as shown in figure 2 (b), where there was the same 
tendency of test result.  With the increase of leaching temperature, leaching rate of Cu is also increasing.  It is more 
significant when leaching liquid temperature higher than 50 ć.   
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Fig. 2 Leaching rate changes over time 
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The carbonation depth influence of CSB was also simulated.  After different carbonization depth simulation, the 
leaching rate of Cu ion was studied correspondingly.  The result of simulated leaching rate at different carbonization 
depth was showed in figure 3.  Based on figure 3 (a), it could be found that carbonization depth had great influence 
on leaching rate of ion in the CSB, even carbonation depth small to 0.2 mm.  With the increase of carbonization 
depth of CSB, leaching rate was also constantly decreased.  The effect was more obvious, when the leaching time 
was less than 14 days.  When the leaching time was more than 14 days, ion leaching rate was flat, but there were 
still differences, as shown in figure 3 (b).  The change tends was much slower with the increase of carbonation depth, 
when the carbonation depth greater than 1.5 mm.   
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Fig. 3 Leaching rate changes along with the carbonation depth 
 
3.2. Influence of carbonization depth on accumulative leaching concentration 
Due to the significant influence on environment around the placement or utilization, it needs to analyze that 
whether carbonization affect the accumulative leaching concentration of ions.  Using the same model and selecting 
leachate temperature 25 ć, the cumulative leaching time was 365 days, the result of concentration of Cu ions was 
got at different carbonization depth, as shown in figure 4.   
The long-term cumulative concentration decreases sharply of Cu in the CSB after the carbonization, compared to 
the result of condition without carbonization, shown in figure 4.  According to result, the initial phase increased 
rapidly and then it changed to flatten out late.  It was about 90 days when the accumulative leaching concentration 
achieving stability without carbonization, while it was about 40 days for that with carbonization.  Which showed 
that the stability status come earlier after the carbonization.   
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Fig. 4 Concentration of leaching over time at different carbonization depth 
 
3.3. Influence of carbonization depth on leaching rate distribution  
In order to study the ion leaching change mechanism under carbonization, the distribution of ions leaching rate at 
the section of sample was analyzed.  The distribution figures were extracted from the corresponding simulation with 
and without carbonization at the same leaching time, as shown in figure 5.   
At different area, according to figure 5, the value of leaching rate was not constant, and it is changed within the 
plus or minus alternate.  That is to say, there were acceleration and deceleration areas of ion migration velocity in 
the CSB. After carbonization, in the first alternate cycle, the area of the outermost layer with positive value was 
significantly increased, and the area of the next outer layer with negative value was reduced.  Furthermore, it 
showed that the total area of the first alternate cycle is increased after carbonization.  In addition, carbonization 
treatment also made the positive and negative circulation less out of the core zone.    
 
˄a˅Without Carbonization                         ˄b˅With Carbonization 
Fig. 5 Leaching rate distribution at different condition 
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4. Conclusion 
In this article, the various influencing factors and the mechanism of carbonization have been studied through the 
numerical simulation analysis of the leaching of heavy metal ions from cement solidification body.  The results 
mainly include the follows: 
(1) There was inhibition on the leaching rate of Cu ions by supercritical carbonation treatment.  Especially 
leaching time was less than 14 days. 
(2) The leaching temperature and carbonation depth had significant effect on the Cu leaching rate.  The higher 
leaching liquid temperature or the lower carbonation depth, the greater the leaching rate of heavy metal ions.   
(3) It took shorter time for the cumulative leaching concentration to reach the steady stage, which benefits 
processing and engineering application.   
(4) There were alternate zone of positive and negative distribution of ions leaching rate, and the total area of the 
outmost cycle was increased by carbonization, indicating inhibited heavy metal leaching.   
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